Abstract. A polyaniline/graphite (PAn/C graphite ) composite was successfully synthesized by an in-situ polymerization process. The composite was characterized through various techniques. Structural investigations were carried out through FTIR spectroscopy and SEM-EDX methods. The analyses of the composite clearly demonstrate the incorporation of graphitic units into the polymer backbone during polymerization as a result of graphite's doping effect. UV-Vis studies and two-point probe conductivity measurement proved that this phenomenon led to an increase in electrical conductivity.
INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
Composites of graphite and conducting polymers present a new exciting material. These composites were found to show extraordinary advantages upon mixing compared to pure substances. They have superior electrical and thermal conductivities as well as high mechanical strength [1] .
The composites also introduce improved structural and functional applications as compared to their individual forms, which makes them good candidates for various functions.
Some of the best known applications include radar evasion, conductive inks, EMI shielding, anti-static textiles, rechargeable batteries, supercapacitors, sensors and actuators [1] [2] [3] [4] [5] [6] .
There are many advantages of using graphite as filler in the study of viable hybrid items. Graphite has a high conductivity, high mechanical strength, and very good chemical stability. Also, graphite is inexpensive and available in large quantities [3] .
Voltammetric researches depicted the utilization of 50% graphite to make nonconducting polymers such a polyurethane, silicon rubber and epoxy to reach current conduction [7] . The electrical property of this type of composite led to different additional applications of nonconducting polymers such as graphite/ epoxy-based bipolar plates [8] ; and graphite/silicone- [9] , and graphite/ urethane-based electrodes [10] .
Concurrently, there are studies on the use of inherently conducting polymers (ICPs) as a component hybrid with graphite [11, 12] . To date, polyaniline was combined with graphite to produce a cathode for Zn-polyaniline batteries [3] . This ICP is fit for the synthesis of the composites due to PAn's multiple electronic states, high conductivity that occurs upon doping, environmental stability (in a conducting state), easiness and inexpensiveness of preparation [13] .
General studies have been done on carbon-based materials like graphite and carbon nanotubes. In one characterization procedure, combining graphite with polyaniline resulted to two percolations [2] . The same components of composites were used in the development of actuators [4] . The group of Zengin focused on carbon nanotube doped with polyaniline [14] .
In this particular research, the composites were prepared by an in-situ polymerization procedure. In-situ technique offers better dispersion of graphite in polymer matrices [15] . Powdered and solution forms of the composites were characterized by a range of spectroscopic, electrochemical and microscopic techniques.
EXPERIMENT EXPERIMENT EXPERIMENT EXPERIMENT EXPERIMENTAL AL AL AL AL
In-situ Oxidative Chemical Polymerization. A solution of 1 M HCl, containing graphite, was stirred to disperse the latter. The distilled monomer, in 1M HCl, was added to a graphite suspension. A solution of 1M HCl containing the oxidant, ammonium peroxodisulfate (APS), was slowly added and stirred in an ice bath (~4 0 C). After a few minutes the dark suspension became green, which is an indication of a successful polymerization. Then it was sonicated in an ice bath for 2 hours. The resulting composite was filtered and washed with 1M HCl and distilled water. This was followed by drying of the material under vacuum at room temperature (25 + 1 0 C) for approximately 8 hours.
In addition, pure polyaniline in its emeraldine salt form was synthesized in the absence of graphite under similar conditions. The pristine form was used for comparison.
Characterization. The obtained materials, pristine polymer and polymer combined with graphite, were investigated by several techniques. Electronic absorption spectra of solutions (n-methylpyrrolidone and chloroform) were recorded using Lambda 35 UV-Vis Spectrophotometer. Infrared spectra were taken by FTIR-8400 Shimadzu instrument on pressed KBr pellets containing homogeneously dispersed powders of the corresponding materials.
Drop-coated films were subjected to a two-point conductivity test at room temperature using a home-made measurement set-up. Here, a high impedance circuit (Radioshack™, max of 40 mW) was utilized.
The investigation of surface morphology was carried out through scanning electron microscopy. The SEM images of pelletized samples were obtained in JEOL JSM-5310 scanning electron microanalyzer and Philips SEM-Field Emission Gun (FEG). Gold sputtering of polymer-coated Pt wire was done using a gold coater (JEOL JFC-1200 fine coater) to enhance conductivity. Afterwards, it was placed on aluminum stubs with double adhesive tape and epoxy resin. The microscope chamber was maintained at a pressure below 10 -6 Torr. The SEM filament was ran at a voltage of 5.0 kV and a current of 5 nA with 2000x magnification. Immediately after the SEM analyses, elemental assessment was made using EDX. The same set-up was used, but liquid nitrogen contained in a dewar was necessary. Furthermore, the detector was shifted to an X-ray detector. It was interfaced to a field emission microscopy equipment [16] . Note that these could be referring to the polaronic and bipolaronic states, respectively.
It is eminent that for PAn ES, intensity of the Q band should be lower than that of the B band [8] indicative of the enhancement of the polaronic character (Figure 1.a) . In the presence of graphite the relative intensity of the of the Q band increases, which denotes that formation of more bipolaronic structures is favored in the PAn/C graphite composite (Figure 1.b) .
The FTIR spectrum of PAn/C graphite composite is similar to that of PAn, which means that PAn was formed on the surface of graphite. However, there was a distinct increase in the intensity of each absorption peak relative to that of PAn. Also, there was an observed shift in the absorption band from1134.1 to 1126.4 cm . This shift to a lower frequency signifies an increase in the degree of charge delocalization [16] as could possibly be caused by the doping effect of graphite. This could perhaps be the interaction between the highly delocalized p-bonds of graphite and the quinoid ring of PAn molecules. Figure 2 depicts the proposed interaction of composite materials. Microscopy studies. SEM is an excellent technique for studying the morphology of the composite and its individual components, i.e. PAn and graphite. The SEM micrographs are depicted in Figures 3 .a-c. Stacked planar structures were seen in graphite, whereas for PAn a combination of fibrular and granular structures was present. It was noticed that combining the polymer with graphite caused the polymer to protrude; thus rendering the surface to become more granular.
The condition observed in Figure 3 .c could be due to possible encapsulation of graphite within the polymer coiling matrix (Figure 4) .
The above representation implies that the conducting form of PAn is doped with graphite [17] . The group of Efimov et al. also suggested that aside from the probability that graphite dopes the polymer, it is also possible that the polymer functionalizes the graphite [1] . This finding strongly supports the initial results wherein increased stage of doping was observed in FT-IR spectroscopy.
In consistence with the initial results obtained through FTIR and SEM microscopy, the possible dopant effect of graphite in the composite is supported by the elemental analysis results. As depicted in Table 1 , there was a decrease in the Cl/N ratio in the existence of graphite. It could be due to the competition that occurred between graphite and the initially used dopant Cl -.
UV-Vis spectroscopy studies. The pure and hybrid materials were both soluble in a range of solvents. However, the solution UV-Vis spectra were dependent on the nature of the solvent and the concentration. In this study, pure forms of chloroform (CHCl 3 ) and nmethylpyrrolidone (NMP) were used. The amount of the powdered subjects was varied to come up with different concentrations. It was found out that the interactions discussed below took place instantaneously in dilute concentrations.
Both the free-standing flakes and solution forms of the composite gave emerald green solutions using chloroform as the solvent. Figure 5 presents the UV/Vis spectra of (a) PAn and (b) PAn/C graphite in CHCl 3 . The characteristic absorption peaks of PAn at ~270, 381 and ~900 nm can be attributed to ð-ð * , Figure 3 . SEM images on pelletized samples of (a) graphite, (b) PAn and (c) PAn/C graphite composite viewed at 2000x magnification. polaron-ð * , and ð-polaron transitions [18] , which arise from the electronic transitions in PAn ES. On the other hand PAn/C graphite gavẽ 260, ~384 and ~909 nm. The peak assigned to polaron-ð * transition shifted to longer wavelength, which indicates that graphite affected the composite in a manner discussed at the early part of this paper. Concomitantly, the results obtained agree with the two-point probe analysis.
Visible spectral results investigation on powdered PAn in NMP show peak values at 590 nm while for the PAn/C graphite composite, these values appear at ~606 nm. The utilization of NMP as a solvent initially produced blue solutions both for PAn and PAn/C graphite composite. Eventually, the solutions turned yellow. The color of the solutions indicates that the polymer interacted with the solvent. The formation of the blue color involved an undoping process from ES to emeraldine base (EB), while the yellow one suggested reduction to leucoemeraldine (LM). These phenomena are both attributed to deprotonation that occurs in the presence of an alkaline solvent. Electrical conductivity. Two-point probe analysis. The electrical conductivity of PAn and PAn/C graphite composite films was observed using two-point measurement technique. The addition of graphite showed enhanced conductivity (s increased bỹ 40%), which is perhaps due to the dopant effect or charge transfer from the quinoid unit of PAn to graphite. This process of electrical bridging among PAn domains was caused by graphite because it is a relatively good electron donor. Complementing this occurrence is the good electron accepting ability of PAn (See Figure 2) .
Aside from the direct measurement of resistance, the current-voltage (I-V) characteristics of PAn/C graphite were investigated. Figure 6 shows a linear relationship (r=0.997) between the applied voltage and the measured current, indicating an ohmic behaviour. From this plot, the calculated R is 3.0x10 -4 W.
CONCLUSION CONCLUSION CONCLUSION CONCLUSION CONCLUSION
This work led to interesting results. A material with improved properties was synthesized through an in-situ technique. The ability to control the conductivity of the composites could provide for its use in many applications. While this research is focused only on aqueous solution-dispersible colloidal graphite as the conducting template on which polymer is synthesized, methods of preparation using ex-situ approach is underway. Moreover, there are also initial results on other composites such as polypyrrole/graphite and 3-methylthiophene/graphite.
